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THE USE AND TRANSFER OF REMOTE SENSING AND GEOGRAPHIC

INFORMATION SYSTEMS TECHNOLOGY TO DETECT PHYLLOXERA

STRESS IN VINEYARDS, EARLY RESULTS.

Joan Salute, Cindy Bell, Phiilip Freese

ABSTRACT

This psper di the doveiopm_nt and Iransfer of

reanotcsensing and geographic information Iys(c,m
(OI$) armlysiI from NASA Ames RIh Center"and
univcrsiW parmen to Robert Iviondavi Winery for the
demotion of vine dmnage caused by phylloxera
infestation. Field, _:raft, and mUellitB-bascd_mom
sensing dam are being analyzed to detect phyllox_a
blotype B both before and after vimud Bymptoms m'e
appm-.ztinNaps Valley,California. A GI$ is used m
undermmd theqztlalandtemporaldimributlonofthe
phyllozerainfestation.Initialrcsu1_arepromising;
remotely_ datawereabletoprovideprc-vimml
discrimination of phylloxera infeststions bas_ on dam
collr_mdin1993.

Joan Salute is the GRAPP__ Project ManagcJ" at
NASA Ames R_(l_h Center, Sl_ has worked in
remote sensing for fifteen years, developing commercial
applications of remote sensing for nine years,

Cindy Bell is a Task Leader on the GRAPES Project.
She is a Research Scicnfig with Johnson Controls
World Service st NASA Ames Rem$9_h Cente_ and has
worked in remote sensing and g_grapldc information
sy_lJmns dov_pau_tt _ tour ye._rs,

Dr. Philiip Freese is the President of WinsGrow. a
services coalpsny, and if a ]_j0ct Lol(_ for the
GRAPE8 project. He is a biochemist with 18 years
experienceinwine growing in California and other wine
producing countries, and a former employee of the
Rob¢_ Mondavi Winery.

INTRODUCTION

The work presented hac results from the Grapevine
R_mote w.,_ing AtuUyais of Phylloxera Early Stress

(GRAPES) project. A multi_ieciplinary project learn
(Table 1) ill _8 and applying remol¢ sensing
and seosraphic information systems techniques for
operadonal use by vineyard maxmsers.

The scope of the project include, detecting the early
su_es of the infestation, understanding the spread,
qumtiff._ the effects, and dvcummting fl'_
introduction of phylloxera into portions of the Naps
Valley in California. Phylloxera, an aphid.llke parasite,
k[l le grape vines by feeding on their roots and making
therootsvuinerableto secondary infections.A new
phylloxera strain has emeqled, killing vines planted on
a rootstock that dominatu the Naps and Sonoma
CourtW,California vineyards. Approximately seventy
pewit of these premier vineyards, forty to forty five
thousand _£_res,are planted on Araman x Rgpestri_ # 1
(AgR #1) rootstocks, and are susceptible to being
destroyed by p_ylk_e_

The collaborative government, _dnsU_, and university
I works ahoulder.lo-shoulder in the field, laborato_,
and computer room. Each organization brings unique
mlenm and peasp_fives m the work. The overall goal
of tho pmjeot htm holp 'mpin out' NABA bnaod
technology m US industry which can use these tools to
help solve currcnt problems.

BACKGROUND

Grape phylloxma, Dakudo_oha_a WtOeolIae(Fitch), is
currently i_ vine decline in Cgifomia vineye_
sppfoximately 100 years after the rail-born aphid lust
caused the rapidloss of vines in Europe and the United
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States. In the _ 1800's, biotype A phylloxera caused

the decline of "own rooted"Vi_ vigOUrs grape vines
in Fnmce, Italy, and CM/fon_ The ronmock AxR#1
was found to tolerate low level, of hi#type A
phylloxera and became the most widely-used rootltock
in Callfomia. The cunent phyllmera-ddvat dggline of
grape vinas in Ctllfomia is due to a newly discovered
strain of phylloxwa, hiotype B (Oranatk Goheen, Lidex,
1987), which mult/plles almost as rapidly on AxR 01
rootstock dum on "own-rooted" or other vine&
Approximately 65 to 70% of the mc_ than 65.000
acres of vinas in Nal_ and Sonoma counties were
planted on AxR #I rootstock, and are therefore
susceptible to bietype B phylloxera.

II

NASA Ames Research Center

Earth System Science Division

Robert Mondavl Winery

Engineering and Technical Staff

University of California
Cooperative Extension

Viticulture Farm Advisor

University of California, Davis

Department of Entomology

California State University, Chlco

School of Agriculture
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Table 1: Organizations par_ciparing in the
Grapevine Remote sensing Analysis of
Phylloxera Early Stress (GRAPES) Project.

Phylloxera is a mii_g aphid-llke insect that feeds
on and eventuelly dastroya the toot symeanand kills
susceptible grape vines. The infestation of vines is not
vis_Ie until approximately two to three yearnafter the
insect has begun feeding on the roots when the vine is
severelyimpaired in its ability to support fruit and
vegetative growth.--V-_-._ symptoms.of ph.y_xcr_ ....
caused decline of vines include the marginal burning and

drying of ieavee, stunting of shoat growth and collapse
of fruit in the middle to late part of the growing season.
The fruit of such Jevctr,ly affected vines does not fully
nuttme and is not aultable for premium wine
p_It=don.

Becatum the_e _ no _Ta:p_l, reliable insecticides
equable of controlling or erad/cadng phylloxera, the
vineyards will evemtmlly have to be n:planted on
reMmnt re#mocks. Grape vine tm:vding programs
_ful]y utllLtednative American grape vines m
combat the phyflcm,m'a.drivenvine decline of Prance in
the late 1880'a, Many ateu of the Unites States have

native populaflonl of lpmpevines that have co_volved
with phylloxellt hi#types. This naturally occurring
lolerane_ to phyilogera is cun'endythe only known
method by which phylloxera can be successfully
combated. Simple scnetiGcrossesof the native grape
vinee over 1(30yem ago have provided commercially
available plant materlMs that tre now in use in the fight
agalnst phylloxera, The phylloxera tolerant rootstocks
arc planted with the maceptible Vi_ vinO'e,ra cultivar
such as Chardonnay or Cabemet Sauvignon grafted to
i_ Vines requite approxlmatcly throe to five yearn to
n_over grape production following the replanting of
vineyards.

It should be noted that while phylloxera cansea terlous
problems for wine &rowers, it does not pose any human
health threat whatsoever. In order to maintain high
quality wine _ticl, wine makers do not harvest
poorly developed fruit from phyIlc0te_ infested fields.
There are no related hunum health issues.

To verify the irraenee M phylloxera, one must dig at
the base of the vinm and take root samples; however,
this is time consuming, costly, and pownl/aIly
damagingto the mot system, In practice,thisprocedure
is limited to very smallareasof explored#n, Color.
infrared (CUt) _ __y hu been wic_y met
for severedyears to tutea damage to vineyards due to
phylloxera and tneama_ its rate of spread (Wildman.
Nagoeka, and Lider 1983) and OVildman, Granett, and
Ooheon 1988). Altlmush aerial photography provides
an abtmdance of information over ire'goregion, there iz
much that is still unknown about phylloxera, Wine
growera would llke to bo able to identifythosefacton
that umse the q_.ad of phylloxera as well as detect the
Wesm_ of phyllc0tmt as early as pouible_ to develop
crop management and fmecest_ p_,m.

The GKAPES pmjeot is focused on the need for early
detection of phylloxera.and the.identification,af fAe_3rL._
that affect it, spread, The three year project is jointly
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funded by NASA's Office of Advanced Concepts and
Technology anti Robert Mmdavl Winery 0tMW) to
develop the tools and techniques for cady m
_tection wing remote mm_g and geographic
information system technology. This technology will
then be tmm_en_ mote grape and wine indumryfor
commc_cial application. The project has four well-
defined goals with emulated m_, The work and
results to date for each of the four tasks will be
deseribed in thtt paper.

CHARACTERIZATION OF THE SPECTRAL
RESPONSE OF PHYLLOXERA-INDUCED
STRESS

One goal of theproject is to detect the presenc_ of
phylloxera before stzcu ia vitibly apparent by
investigating the spectral andchemical response of
grape leavel to stress due to the infestation of
phylloxera. This task involves relating leaf level data
collected in the field from vines with known phylloxera
population levels to canopy level data collected from
akcmtt-ha_l _ for a largertestritearea.

Remote w._Mng technology has boon used in studies to

asgeu the w.aq_nse Of plantt to numeroue r, tms factom.
Nim_en and other nutdeat defgiencies ledttce the
concentration of chlorophyll p/gmmt, resulting in
spectral diffew,nces between healthy and stressed plants
(Thomu and Oerther, 1972), (Tlay, Gjemad, or. el.
1982). Nutritional defi¢lenclm in vines resulting from
phylloxera damage to the roots, and fl_ subsequent
changesin the vine's physiology and che_mislry, can be
used for early detection of vine infe_ttion, The first
symptom of nitrogen snd poumium deficiency in plants
is the yellowing (chloms_) of leaves due to reduced
chlorophyll colorant. In liddition, when nltmSen is
lacking, plantscan produosotherpJgmentsto further
change the Ipec_d req_se of leave& Variations in
plant biophyskal lmanw,ters such as leaf srea index
fr(_ have arm been used to _3ectmlly w4mate healthy

st_.mggl plant canopies (Knipling, 1970),

Field meama'emenla of vine biophysical and
biochemical i_lunete_ have bcgn ooml_aed with
spectral information ottained at individual leaf and
whole canopy ggaleJ, Leaves w_ gollected monthly
between May and October from eleven diffeesnt plots
located throughout tn eleven acre study Mtevineyard
(Figure 1). The plots were grouped into categodu,
be.uxlonthe mtw of aboveBronndvim damqe and
below 8round phylloxera population levek (determined
by physical e_cavat/on of vine rootl) at the olMatof the
field wwk in May, 1993. Category I (plots 1, 2 and 3)
contained vines that had phylloxera and lhowed vine

decline from phynox=a. Category 2 (plots 4, 5 and 6)
contained _ that hsd phyll_tera in the ground, but
showedno visible symptoms. Category 3 (plots 7,8
and 9) contained healthy vinej that did not have
phyUoxera in the 8round, In mtegory 4 (plots 10 and
11), stress was induced by back hoeing adjacent to the
vines to physically injure roots to imitate phylloxera
ind_ed mot loss. A Minolla SPAD.502 chlorophyll
meter was used in the field to estimate the chlorophyll
content of individual leaves. The leaves w_re then

to NASA Atom to coli¢_ spectral
mcamcments using a NIRS q3ecirophotometef and leaf
mea meMurement_ using a leaf tgea meter. The leaves
were then dried to constant weight and analyzed for
nitrogen, phoephon_andpotmdum concentration.

In order to obtainspectralinformation ttt the whole
canopy scale, an ai_raft-ha_i sensor, CASI (Compact

Sp_trographic Image_), was flown in July
1993 over the J_bject study sites. The CASI data are
being muflyzed to estimate plant canopybiochemical
content, specifically, chlorophyll and nitrogen. The
relationship betweea the spectral information from

CA$I tmasery and.the l.es_'-leVdspectraldata is being
analyzed to determine ir vines du_ have phylloxeracan
be detected with akbome remote sensinll dam before
symptoms become aplzucnt. In addition to utilizing
CASI for early detection of phylloxera, Its spectral and
spalkl resolution enabled tc4unmcmlmrs from Mondavi
wincry to see the effects of vinc stress due to phylloxera
infestmion in vineyards better than with color-infrared
aerial (CIR) photography. Competer image processing
I_,hniqucs common to remote sensing digital analysis,
such as principal e_nponent analysis, band ratloing,
and multispectnd cl_¢ation cnhanced infested areas
much more obviously than standard (_R photography
IModDcts,

After preliminary analym of the 1993 dam collected
dudes the summer months, mine promising results
have emerged. The leaf reflectance of severely infested
vines in Category 1wen_ clem'ly spectt_ly separable
from Categndes 2 and 3 throughout the entire season.
CategoflN 2 end 3 were distinguishable late in the
mmon, din'laBSw_ber and October _iSure 2).
Results from this dtta will be used to further refine the

sampling strategy for the 1994 growing ruben.

ANALYSIS OF THE SPATIAL AND
TEMPORAL SPRIgAD DYNAMICS WITH A
GEOGRAPHIC INFORMATION SYSTEM

A gg.ond goal of the project it to undmmd the spatial
and mnporal distribution Ofphylloxera infestation and
asw._ the risk to other m of future infestation. This



01-13-1995 15:47 P.13

task Includes identifying environmental and cultural
factors thai influence the spread of phylloxera.

"inkmap",quantifyingrelativelevelsofriskto
infemtion,willbedevelopedf_ theentirevalley.

A geosmphic information system ((]IS) is employed to
understand the spatial and temporal distribution of the
infestationendtoassesstheriskoffutureinfestationto
other grape 8rowing areas. Relatively little is known
about factors influencing the spread of phylloxera, It
has been observedlhatoutbreaks appear to I_ more
common in areas with clay soils or soils underltin by
hard-pan than areas with sandy soils (Omnett, Ooheen.
Lider, 1987). However, many other envlmnmemal
factors are suspected to contribute to the likelihood of
infestation.

Team membersfi'omall five of thepe_lcipefin8
organizationshaveworked closelytogetherto identify
thosefaclm'ethatare believedtobe mostimportantin
affectingtheexistenceandspreadof phylloxera. Such
factors include soil typeand characteflsti_,elevation,
predominant wind direction, water table level,
cultivation Waettees, krigation and drainage, grape
variety, row and vine spacing, root stock, mw direction
and age of fmlcls. An area consisting of approximately
650 acre.s, manapd as 56 field units, was chosen as a
study area to Lnvestisate the relationships between
phylloxera infestation and these environmental factors.
Much of the data for the study area has been obtained
from an extensive tabular database main_ned by the
winery and updated m a yearly basis. This tabulardam
has been Input to the OIS. to allow spatial analysis of
this dam.

MEASURING THE LOSS OF PRODUCTION
WITH SATELLITE IMAGERY

Satellite imagery is being used to measure and
document land use changes that have occureed over t/me
throughout the Napa Valley. Sinoe 1983, whenthe
ten'stserious oothmaks of phylloxera biotype B were
detected, many vineyardJ have been pulled out of
production due to severe vine damage. Some vineyarcb
were_planted, mine vineyardslie fallow while growers
secure thndlng Io replant, and some m may have been
uranstonned from vineyard production to other
agricultural or urban uses.

Traditionally, interpretation ofaerialphotos is used to
land cover change; however, this is a very labor

and time intensive process. Satellite imagery is
advantageous because the entire study area b covengi by
one image, while aerial photctFaphy lequirea a mosaic
of images. The useof digital mzllite tm_e.ry with an
image processing system automates this proceu and
provides a nmt'eefficient way toquantify land cover
change. In this project, Land_t _c Mapper (30
meter spatial remlution) and SPOT (10 and 20 mere
epatialresolution) digital inmsery will be analyzed to
chamct=dzo and quantify the land cover changes that
have ocCun_ lhroughout the valley due to phylloxera
lufe_tation between 1983 and 1993.

In addition to tubularfield dam, spatial information
showing the location of visiblystressed areas due to
phylloxera was identified. Low altitude infraredaerial
photography coverin8 the study area was used to
clocument the spread of phylloxera from 1987 through
1992 (Plgute 3). Areas infeated by phylloxera thowud
sw¢,n by dimini"_ed vine growth and were easily
detected on the photosmphy. Team members from
Ames and Mondevi worked together m interpm the
nerial phons and delineate infe_ areu _in 8 image
processing and a 8cographicinformation system at
Amos,

After all of the data are collectedandentered into the
OIS, mtddvarlate statistical analysis will be employed
to deteamine which factors are significantly related to
infestat/on, The wne process will be performed for a
second study site to further support our fmding_ Buffer
analysis will be employed to determine if proximity to
certain linear features such as roads, creeks and riven, or
irrisation finesaffectphylioxeraspread, Ultimatelya

TRACING THE INTRODUCTION OF
PHYLLOXERA TO THE NAPA VALLEY BY
PHOTO-INTERPRETATION OF AERIAL
PHOTOGRAPHY

The final goal of _ project is to undentandthe
introductionof phylloxerabiotype B m the Nepa Valley
by analyzing hiatoricai aerial photography, It iA
unknown whether btotype B was introduced to the Napa
Valley at n lingle location or whether it is a mutation
ofnn existing local populatim of biotyp¢ A, Aerial
photography taken at the time biotype B was first
discovered in the Valley will help identify the
location(s) that were initially infelted. This
information b important to growers in other areas of
the starem they try to quarantine their vineyards to
prevent the _ of phylloxere.

Inon_ to fullyundema_ theeximencetnd qxe_
dynamies of phylloxera, the locations of t'uddswithin
the Napa Valley that were ring infested and identified
using aerial photography will be entered into the GIS.
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The 015 will be used to analyze the relationship
between infestation and environmental variables such u
toll typeandproximity to creeksorrivers.

CONCLUSIONS

Spring and summer of 1993 was the nrst season of field
work for the GRAPES project. Dam were collected in
flu_viueyar_ and analyzed in iahoratori_ at NASA
Ames Research Center, U.C. Davis, and Ca. State,
Chico. Remotely sensed data, including low altitude
(1:8000 scale) and highaltitude (1:35,000 scale) aerial
photography, digital image data from aircraft-rased
s_tors end Itellite imagery, were collected. The first
results have been very ¢a_ouraging and will be used to
refine the efforts needed for fieldwork in 1994.

Resulls indicate that heavily infuted areas aveeasily
detected with tircmft-hased remote tensing imagery.
l_trly staS_ of infestation, specifically the pro.visual
stage, may be det_table with remote tenting data late
in the growing _amn. Fall identification ofpre-vitual
infestation areas would indic.ale to vineyard managm's
which areas of fields need replanting during the winter,
or at least where to expect decreased yields during the
next growing _uton if vines are not replaced,

By late 1993, phylloxera biotype B had been found in
eight wine growing counties in California. Suc_u_ful
results of this project will not provide a cure or any
known alternative to the eventual decline of vines due to
phylloxera, It will, however, provide valuable
informati_ about the rate and direction of spreadof
phylloxera and the rate of decline of vineyards. These
rates are critical for financial management of the wine
busineues. Comme_ial lenders are unwilling to

rmancetheuq_ corn of replanting..v_y,rd, unless
positive cash flow can be l:rojected,which is dependent
on crop projections. A financial balancln8 act is
required to nmnap the required cash investments with
the temporary loss of product. The infestation of
vineyards with phylloxera B type and subsequent loss of
fruit pmductinn lhreatem a sh_aq_e of certain grapes,
and the less of matk_ share for CMifomia and US
wines. It is anticipated that this new murce of
information will allow improved planning to time
critical replantlng, helping US mmpanios maintain
grape supply and retain market Mum:, It will help
identify Ihme vineyards that have the h/ghast risk of
infemation throughout Callfomia's wine growing
regions. It will allow vineyard managers to base
decisions on morecurrent, detailed informatiOn than
they have previously had access to.

A new segment of the agflcultuml industry will realize
the benefm provided by remote sensing dam and GIS
technologies. A RMW maff member was so intrigued
by the use of Gin for this problem that he enrolled in •
university chum m learn more tbout the developnumt
and use of Gin technology. RMW staff have also
begun to explore GIS products and servi_ that are on
the nmrkct, Several staff members are very encouraged
by the power of digital image processing as compared to
rite passive viewing of CIR photography products.
Plans me being made to preaent project results to a
larger audie.'_e of the Nape Valley wine industry,
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Figure 1: Eleven acre e.x_riment site with four levels of phyiloxera infestation.
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